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TECHNICAL NOTE D-51 

THE RYDRODYNAMIC CHARACTERISTICS OF A SUBMERGED LIFTING 

SURFACE HAVING A SHAPE SUITABLF: FOR 

HYDRO-SKI APPLICATION 

By Victor L. Vaughan, Jr. 

SUMMARY 

An experimental investigation was made to determine the hydrodynamic 
characteristics of an aspect-ratio-0.25 lifting surface having a shape 
suitable for hydro-ski application and operating at various depths of 
submersion. 
obtained on a rectangular modified flat plate having an aspect ratio 
of 0.25 and the same plan-form area. The comparisons indicated that the 
hydro-ski model had a lower angle of zero lift, a lower lift-curve slope, 
a lower lift coefficient at the high angles of attack, and a lower lift- 
drag ratio. 

Comparisons were made between these data and data previously 

At high angles of attack and high speeds, cavitation at the leaaiilg 
edge caused a large decrease in lift coefficient. At shallow depths of 
submersion aa unstable flow condition was encountered during cavitation 
because of small amounts of air bleeding intermittently into the cavitated 
region through the trailing vortices and then being dissipated by entrain- 
ment in the water; thus a fluctuating pressure in the cavity on the upper 
surface of the model resulted. 

Two types of ventilation, the partial bubble and the full bubble, 
were encountered at shallow depths of submersion and high speeds. 
ventilation corresponds to that encountered in previous investigations 
of flat plates. However, both types of bubble caused sharp decreases 
in the lift, drag, and pitching moment while the previous flat-plate 
data showed that only the full bubble caused sharp decreases in the forces 
and moments. The cavitation and ventilation boundaries moved to higher 
speeds for a given angle of attack for the hydro-ski model than they did 
for the flat-plate model. 

This 
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INTRODUCTION 

The i n t e r e s t  shown i n  obtaining information on t h e  hydrodynamic 
cha rac t e r i s t i c s  of l i f t i n g  surfaces operat ing beneath t h e  free water sur- 
face  r e su l t ed  i n  a series of inves t iga t ions  being conducted by t h e  
National Aeronautics and Space Administration on low-aspect-ratio rec-  
tangular modified f l a t  p l a t e s  operating at var ious depths of submersion. 
The r e s u l t s  of these inves t iga t ions  are reported i n  references 1 t o  4. 
Since t h e i r  scope w a s  l imi ted  t o  f la t  p l a t e s ,  t he  present  inves t iga t ion  
w a s  undertaken t o  obta in  comparable information on a low-aspect-ratio 
l i f t i n g  surface that has been shown t o  be a p r a c t i c a l  shape f o r  an ac tua l  
hydro-ski. 
dynamic model ( r e f .  5)  and a f u l l - s c a l e  Grumman JRF-5 a i rp lane  and w a s  
found t o  be su i t ab le  f o r  operation on water, snow, and i ce .  The present  
paper presents  data obtained i n  Langley tank no. 2 a t  various depths of 
submersion. The flow c h a r a c t e r i s t i c s  observed and t h e i r  e f f e c t s  are d i s -  
cussed i n  some detai l .  

A s k i  similar t o  t h i s  shape has been t e s t e d  on both a 1/8-size 
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Description of Model 

The l i n e s  of  t h e  model and a t a b l e  of o f f s e t s  are shown i n  f i g u r e  1. .I 

The plan-form area (50  sq i n . )  and t h e  aspect r a t i o  of t h e  model were the  
same as t h e  aspect-ratio-0.25 f l a t  p l a t e s  reported i n  references 1 t o  4. 
The form included a rounded leading edge, a tapered t r a i l i n g  edge, upper 
surface camber, and a planing bottom which w a s  l a t e r a l l y  concave near 
t he  chines and convex a t  the  kee l .  The maximum thickness  w a s  10.55 per- 
cent of the  model length and occurred at  30 percent of t h e  length.  The 
model was made of p l a s t i c  which w a s  polished t o  a smocth f i n i s h  and had 
a s t e e l  inner core. 

The s t r u t  ( a l s o  shown i n  f i g .  1) had an NACA 6$-012 a i r f o i l  sec t ion  
and w a s  the  same as t h a t  used i n  reference 2. It w a s  mounted s o  that i t s  
leading edge w a s  8.94 inches forward of t h e  hydro-ski t r a i l i n g  edge, per-  
pendicular t o  t h e  keel ,  and in te rsec ted  the  upper surface of t he  model 
without f i l l e t s .  The s t r u t  w a s  made of s t a i n l e s s  s t e e l  and w a s  polished 
t o  a smooth f i n i s h .  

Test  Methods and Equipment 
I 

The t e s t s  were made by using t h e  Langley tank towing car r iage  with 
e l e c t r i c a l  strain-gage balances t o  measure the  l i f t ,  drag, and p i tch ing  .. 
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moment. 
t h e  model and converted t o  the  pi tching moment about t h e  t r a i l i n g  edge. 

The p i tch ing  moment was measured about an a r b i t r a r y  poin t  aboye 

A wind screen w a s  used t o  reduce the aerodynamic tares t o  negl ig ib le  
values.  The hydrodynamic strut tares were not subtracted from t h e  data .  
Force measurements w e r e  made at  constant speeds f o r  f ixed  angles of a t t a c k  
and depths of submersion. 
measured between t h e  s t r a i g h t  por t ion  of t h e  kee l  and the  w a t e r  surface.  
Depth of submersion is  defined as t h e  dis tance from the  undisturbed water 
surface t o  t h e  center  of t he  leading edge of t h e  model. 
Tests w e r e  m a d e  at  depths of submersion of 1.0, 1.5, 3.0, and 6.0 inches 
over a range of angles of a t t ack  from -2O t o  20° and at speeds up t o  
approximately 85 feet  pe r  second. 
which v e n t i l a t i o n  occurred were a l s o  determined a t  a depth of submersion 
of 0.5 inch. 
i n  place.  

The angle of a t t ack  is  defined as t h e  angle 

(See f i g .  1.) 

The speeds and angles of a t t a c k  at 

Figure 2 shows t h e  test setup with t h e  model and wind screen 

The changes i n  angle of a t t a c k  and t h e  accompanying changes i n  depth 
of submersion due t o  the s t r u c t u r a l  def lec t ions  were measured during t h e  
c a l i b r a t i o n  of t he  balances and w e r e  found t o  be negl ig ib le  f o r  t h e  com- 
b ina t ions  of forces  encountered. The estimated accuracy of t h e  measure- 
m a t s  i s  as follows: 

Angle of a t tack ,  deg . . . . . . . . . . . . . . . . . . . . . . .  f O . l  
Depth of submersion, i n .  . . . . . . . . . . . . . . . . . . . . .  k O . 1  
Speed, fp s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.2 
L i f t ,  l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k5.0 
Drag, l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 
Pi tch ing  moment, f t - l b  . . . . . . . . . . . . . . . . . . . . . .  k1.8 

The forces  and moments w e r e  converted t o  t h e  usual  aerodynamic coef f i -  
c i en t  form by using a measured value of t h e  dens i ty  of w a t e r  of 
1.942 slugs/cu f t  and a constant plan-form area of 0.347 square foo t .  
The kinematic v i scos i ty  measured during t h e  tes ts  was 1.67 X 10-5 sq f t / s e c .  

RESULTS AND DISCUSSION 

A shor t  motion-picture f i l m  supplement i l l u s t r a t i n g  t h e  cav i t a t ing  
and ven t i l a t ing  flow cha rac t e r i s t i c s  discussed i n  t h i s  paper i s  ava i l ab le  
on loan. A request card form and a descr ip t ion  of t h e  f i l m  w i l l  be found 
a t  t h e  end of t h i s  paper. 
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Force and Moment Data 

The b a s i c  experimental d a t a  are presented i n  f i g u r e s  3 t o  5 as p l o t s  
of l i f t ,  drag, and p i tch ing  moment about t h e  t r a i l i n g  edge as a funct ion 
of speed with angle of a t tack  as t h e  parameter. Data are presented f o r  
t h e  four depths of Submersion invest igated.  
t i e s  at t h e  high angles of a t tack  and high speeds are due t o  cavi ta t ion  
and vent i la t ion  and w i l l  be discussed subsequently. 

The s c a t t e r  and discont inui-  

General Charac te r i s t ics  L 

The l i f t  coeff ic ients  CL f o r  t h e  four  depths of submersion inves t i -  0 

gated are presented i n  f i g u r e  6 as a funct ion of angle of a t t a c k  with 9 
speed as t h e  parameter. This f i g u r e  shows t h a t ,  f o r  angles of a t t a c k  
below go, t h e  l i f t  coef f ic ien t  d id  not vary with speed above a speed of 
20 f e e t p e r  second. A t  a speed of 20 f e e t  per  second, the  l i f t  coef f i -  
c i e n t  was lower than at  the  higher speeds. A s  the  depth of submersion 
decreased, the  l i f t  coef f ic ien t  at 20 feet per  second approached t h e  
value of l i f t  coef f ic ien t  at the  higher speeds. 

Figure 6(a)  shows t h a t  the  angle of zero l i f t  a t  a depth of sub- 
mersion o f  1 .0  inch i s  - 2 O .  
indicated the  angle of zero l i f t  decreased as the  depth of submersion 
increased. 

Extrapolation of t h e  curves of f i g u r e  6 

The l i f t - d r a g  r a t i o  curves of f igure  7 show t h a t  at noncavitating 
and nonventilating speeds the  maximum l i f t - d r a g  r a t i o  occurred between 
angles of a t t a c k  of 7 O  and 8' depending on the  depth of submersion. 
e f f e c t s  of depth of submersion are s m a l l  but ,  general ly  at angles of 
a t t a c k  lower than t h a t  f o r  maximum l i f t -drag r a t i o ,  the  l i f t - d r a g  r a t i o  
increased with increasing depth of submersion. 
approached 20°, t h e  l i f t - d r a g  r a t i o  decreased with a diminishing e f f e c t  
of depth of submersion. 

The 

A s  the  angle of a t t a c k  

Flow Changes and Effects  

Cavitation.- The angles of a t t a c k  a t  which cavi ta t ion  at  t h e  rounded 
leading edge w a s  v i sua l ly  observed are shown by the  v e r t i c a l  arrows f o r  
each speed i n  f igure  6. 
40 f e e t  per second for t h e  angles of a t t a c k  invest igated.  At high angles 
of a t t a c k  an increase i n  l i f t  coeff ic ient  w a s  noted with increasing speed 
followed by a decrease with increasing extent  of cavi ta t ion.  This e f f e c t  

drag coeff ic ient  CD, and pitching-moment coef f ic ien t  about t h e  t r a i l i n g  
edge C, against  speed. The force  and moment coef f ic ien t  curves a re  -t 

Cavitation d i d  not develop at  any speed below 

may 5e seen b e t t e r  i n  f igure  8 which is  a p l o t  of l i f t  coef f ic ien t  CL, T 
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very s imi l a r  i n  character .  The decrease i n  drag coe f f i c i en t  a t  speeds 
above 60 f e e t  per  second w a s  evident ly  caused by a drop i n  t h e  induced 
drag coe f f i c i en t  as a r e s u l t  of t h e  large decrease i n  l i f t  coe f f i c i en t  
i n  t h i s  speed range. 
t h e  speed a t  which cav i t a t ion  w a s  first observed. 

The v e r t i c a l  dashed l i n e  i n  f igu re  8 indica tes  

An unstable  condition occurred during cavi ta t ion  at t h e  shallow 
depths of submersion and is  shown by the hatched a rea  i n  figure 8 ( b )  
for a depth of submersion of 1.7 inches. 
caused by small amounts of a i r  bleeding in t e rmi t t en t ly  i n t o  the  cavi ta ted  
region through the  t r a i l i n g  vo r t i ce s  and then being d iss ipa ted  by en t ra in-  
ment i n  t h e  water; thus  f luc tua t ing  pressure i n  t h e  cavi ty  on t h e  upper 
surface of t h e  model resu l ted .  

The i n s t a b i l i t y  w a s  evident ly  
(1 

Sequence photographs of a typ ica l  run showing cav i t a t ion  at an angle 
of a t t a c k  of 20' and a depth of submersion of 1.5 inches a r e  presented 
i n  f i g u r e  9. 
become v i s i b l e  and has spread across  the leading edge of t h e  model. 
streamers attached t o  the  leading edge and fading out about t h ree  chord 
lengths  behind the  model are the  cavi ta ted cores of t he  t r a i l i n g  vor t ices .  
There is apparently no air entrained i n  the vor t i ce s  at  t h i s  speed. A t  
speeds of 64.3 and 68.9 f e e t  pe r  second, t h e  cav i t a t ion  has increased 
u n t i l  it covers t he  upper surface of the model back t o  t h e  strut. The 
c h a r a c t e r i s t i c  white appearance of the cav i t a t ion  can be seen i n  t h e  
photographs, t he  cavi ta ted  vo r t i ce s  showing t h e i r  c h a r a c t e r i s t i c  h e l i c a l  
form. 
t h e  cav i t a t ion  may be noted. The white appearance has c leared up s l i g h t l y  
and the  cavi ta ted  region looks more l i k e  a bubble. The increased dis- 
turbance i n  t h e  t r a i l i n g  vort ices ,  as indicated by t h e  arrows, shows 
entrainment of air  has occurred. A t  speeds of 79.0 and 83.9 feet  per  
second t h e  previously noted white appearance of cav i t a t ion  a t  t h e  leading 
edge is  completely gone, the cavi ta ted area i s  c l e a r ,  and separat ion of 
t h e  w a t e r  from t h e  upper surface of the model i s  shown. A t  79.0 f e e t  per  
second t h e  loca t ion  of disturbance due t o  entrainment of air i n  t h e  vor- 
t i c e s  is  about t h e  same as it was  at 74.2 feet per  second. However, at  
83.9 feet per  second the  disturbance has moved forward t o  the  t r a i l i n g  
edge of t he  model. 

A t  a speed of 44.3 f e e t  per  second t h e  cavi ta t ion  has j u s t  
The 

A t  a speed of 74.2 f e e t  per second a change i n  t h e  appearance of 

Cavi ta t ion followed by vent i la t ion . -  The l i f t - c o e f f i c i e n t  p l o t  
( f i g .  6) a t  a depth of submersion of 1.0 inch shows the  e f f e c t s  of both 
cav i t a t ion  and ven t i l a t ion .  
en ter ing  t h e  low-pressure regions which r e s u l t s  i n  varying degrees of 
increased pressure i n  these  regions. 
cav i t a t ion  region (observed at both 60 and 80 feet  per  second) and i s  
t h e  same as previously explained. The sharp drop i n  l i f t  coe f f i c i en t  
a t  60 and 80 f e e t  per  second i s  caused by v e n t i l a t i o n  of t h e  model. 

Vent i la t ion is due t o  atmospheric air  

The hatched area is t h e  unstable  
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A t  a depth of submersion of 1.0 inch, cav i t a t ion  w a s  v i s u a l l y  
observed a t  40 f e e t  per  second f o r  d l  angles of a t t a c k  above 4'; there-  
fo re ,  ven t i l a t ion  w a s  preceded by cavi ta t ion .  Two ty-pes of v e n t i l a t i o n  
w e r e  noted, t he  p a r t i a l  bubble which i s  assoc ia ted  with high angles of 
a t tack  and the  f u l l  bubble which is associated w i t h  t h e  lower angles of 
a t tack.  (See r e f s .  1, 2, and 4 . )  

The force and moment coef f ic ien ts  at  an angle of a t t ack  of 20° and 
a depth of submersion of 1.0 inch a r e  presented i n  figure 10. 
c a l  dashed l i n e  ind ica tes  t he  speed a t  which cav i t a t ion  w a s  f irst  observed. 
Previous inves t iga t ions  on f la t  p l a t e s  had ind ica ted  very l i t t l e  change 
i n  the force  and moment coe f f i c i en t s  with t h e  formation of t h e  p a r t i a l  
bubble. However, with the  present  model, as can be seen i n  figure 10 at  
a speed of 54 feet  per  second, t h e  force  and moment coe f f i c i en t s  decreased 
sharply t o  approximately 30 percent of t h e i r  o r i g i n a l  value with t h e  f o r -  
mation of the p a r t i a l  bubble, and showed extensive pressure relief on t h e  
upper surface of  t h e  model. 
and moment coe f f i c i en t s  remained constant with increasing speed. 

The v e r t i -  

After  t h e  p a r t i a l  bubble formed, t h e  fo rce  

The sequence photographs of a t y p i c a l  run showing cavi ta t ion ,  transi- 
t i o n  from cavi ta t ion  t o  ven t i l a t ion ,  and v e n t i l a t i o n  ( p a r t i a l  bubble) are 
presented i n  f igu re  11 f o r  an angle of a t t ack  of 20° and a depth of sub- 
mersion of 1.0 inch. The arrows ind ica t e  t h e  dis turbed region i n  t h e  
t r a i l i n g  vo r t i ce s  caused by t h e  entrainment of air .  A t  44.8 feet  per  
second the  model is  cavi ta ted  as shown by t h e  white appearance across  
the  leading edge. Transi t ion from cav i t a t ion  t o  v e n t i l a t i o n  occurred 
at  34 f e e t  per  second as shown by the photographs a t  t h i s  speed. The 
f i r s t  of t he  two photographs at  54 feet  per  second shows cav i t a t ion  
whereas t h e  second photograph shows what happens during t r a n s i t i o n  from 
cavi ta t ion  t o  ven t i l a t ion .  
the  speed i s  s t i l l  54 f e e t  per  second, the v e n t i l a t i o n  bubble collapsed 
so t h a t  it looked similar t o  t h e  photograph at  59.6 feet p e r  second. 
This i s  t h e  par t ia l -bubble  type of v e n t i l a t i o n  at  which the  cavi ty  pres-  
sure i s  somewhat less than atmospheric and y e t  sonewhat g rea t e r  than 
vapor pressure such as i n  a cav i t a t ion  bubble. 
per  second, t h e  p a r t i a l  bubble has grown so  t h a t  t h e  point  of flow 
reattachment has moved back near t he  t r a i l i n g  edge of t he  model. 

A t  t h e  completion of t r a n s i t i o n  and while 

A t  64.0 and 68.8 feet  

A t  low angles of a t t ack  (below 18') at a depth of submersion of 
1.0 inch and before  ven t i l a t ion  occurred, t h e  unstable condition during 
cavi ta t ion,  noted previously,  increased i n  i n t e n s i t y  u n t i l  a severe 
l a t e r a l  and v e r t i c a l  o s c i l l a t i o n  of t h e  model and supporting gear devel- 
oped. This unstable condition i s  shown by the  hatched a rea  i n  figure 12 
for an angle of a t t ack  of 14'. The o s c i l l a t i o n  increased i n  i n t e n s i t y  
u n t i l  ven t i l a t ion  occurred. The ven t i l a t ion  took t h e  form of t h e  full 
bubble and caused a sharp drop i n  t h e  force  and moment coe f f i c i en t s  
comparable t o  t h a t  of t h e  p a r t i a l  bubble. 
t he  osc i l l a t ion ,  cav i ta t ion ,  and vo r t i ce s  were a l l  elimincted; afterwards, 

When v e n t i l a t i o n  occurred, 

1 
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t h e  fo rce  and moment coe f f i c i en t s  remained a t  a constant value with 
increasing speed. 

The sequence photographs of a typ ica l  run showing cavi ta t ion ,  
o s c i l l a t i o n ,  and ven t i l a t ion  (full bubble) a r e  presented i n  figure 13 
f o r  an angle of a t t ack  of 14' and a depth of submersion of 1.0 inch. 
The arrows indica te  the  dis turbed region i n  t h e  t r a i l i n g  vo r t i ce s  caused 
by t h e  entrainment of a i r .  The photographs at 44.5, 54.0, and 59.h f e e t  
per  second show increasing ex ten t  of cav i ta t ion  as t h e  speed is  increased. 
The unstable  condition during cavi ta t ion,  noted previously,  has a l ready 
s t a r t e d  a t  59.4 feet per  second as may be seen i n  f igu re  12 a t  t h a t  speed. 
A s  t h i s  i n s t a b i l i t y  increased i n  in tens i ty ,  it caused v e r t i c a l  and hor i -  
zonta l  o s c i l l a t i o n  of t h e  model and supporting gear which is indicated by 
t h e  b lu r r ed  appearance i n  t h e  photographs a t  64.4 and 69.8 feet per  sec- 
ond. This o sc i l l a t ion  increased i n  i n t e n s i t y  u n t i l  t h e  
model ven t i l a t ed  and a f u l l  bubble formed. 
74.4 feet  per  second shows t h e  full-bubble type of ven t i l a t ion  at  which 
t h e  cavi ty  pressure i s  atmospheric. 

(See f i g .  13.) 
The last photograph at  

Comparison With Previous Experiments 

The l i f t  and drag cha rac t e r i s t i c s  of t h e  present  10.55-percent- 
t h i ck  hydro-ski model are compared in  figure 14  with those of t h e  
2.65-percent-thick aspect-ratio-0.25 f l a t - p l a t e  model of reference 2. 
The r e s u l t s  shown are f o r  a depth of submersion of 6.0 inches and a t  
speeds of 10, 50, and 80 f e e t  per  second t o  cover t h e  conditions of no 
cavi ta t ion ,  cav i ta t ion ,  and severe cavi ta t ion,  respect ively.  I n  general ,  
t h e  l i f t - c o e f f i c i e n t  curves show tha t  t h e  angle of zero l i f t ,  l i f t - c u r v e  
slope,  and l i f t  coe f f i c i en t  a t  t h e  high angles of a t t ack  are lower f o r  
t h e  hydro-ski model than f o r  t h e  f l a t - p l a t e  model. 

The r e s u l t s  of t he  invest igat ion on t h e  f la t  p l a t e  ( r e f .  2) had 
shown t h a t  t h e  l i f t  coef f ic ien t  did not vary with speed f o r  angles of 
a t t ack  below 12' and speeds below 50 feet  per  second except at  t h e  very 
low speeds where t h e  l i f t  coef f ic ien t  w a s  lower. 
t r u e  fo r  t h e  hydro-ski model f o r  angles of a t t ack  below 9'. The e f f e c t s  
of cav i t a t ion  were a l i t t l e  more pronounced f o r  t he  hydro-ski model than 
f o r  t h e  f l a t - p l a t e  model at high speed. The l i f t - d r a g  polar  shows t h a t  
t h e  two models give curves similar i n  character  bu t  with t h e  drag coef- 
f i c i e n t  higher f o r  a given l i f t  coef f ic ien t  f o r  t he  hydro-ski model. 

This w a s  e s s e n t i a l l y  

Figure 15 i s  a p l o t  of t h e  maximum l i f t - d r a g  r a t i o  aga ins t  depth 
of submersion. The maximum lift-drag r a t i o  increased s l i g h t l y  with 
increasing depth of submersion f o r  t h e  hydro-ski model and decreased 
s l i g h t l y  with increasing depth of submersion f o r  t h e  f l a t - p l a t e  model. 
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The cavi ta t ion  boundaries as v i s u a l l y  observed during t h e  t e s t i n g  v 

of the hydro-ski model are compared with t h e  cav i t a t ion  boundaries of 
t he  f l a t  p l a t e  ( r e f .  2) i n  f igu re  16. The curves represent  t h e  f i rs t  
speed f o r  a given angle of a t t ack  a t  which cav i t a t ion  w a s  v i s u a l l y  
observed. For t h e  f l a t - p l a t e  model, cav i t a t ion  occurred at  approximately 
t h e  same speed f o r  a l l  depths of submersion and t h e  curve shows t h a t  t h e  
speed at  which cavi ta t ion  s t a r t e d  decreased as t h e  angle of a t t a c k  
increased up t o  12O and remained at a constant value of 30 feet per  sec- 
ond for  higher angles of a t tack .  For t h e  hydro-ski model, t h e  incept ion 
of cavi ta t ion  w a s  a t  approximately 40 feet per  second f o r  a l l  angles of 
a t tack  above 4' at a depth of submersion of 1.0 inch. A t  depths of sub- 
mersion of 6.0, 3.0, and 1.5 inches, t h e  speed a t  which cav i t a t ion  s t a r t e d  
decreased rap id ly  t o  40 feet  per  second as t h e  angle of a t t a c k  increased 
t o  12' and t h e r e a f t e r  remained at 40 feet per  second f o r  higher angles 
of a t tack.  It may be noted i n  f igu re  16 t h a t  the speed a t  which cavi ta -  
t i o n  was first v i sua l ly  observed d id  not  change with increasing angle of 
a t t ack  above 12' f o r  e i t h e r  model. 

1 

The ven t i l a t ion  boundaries f o r  t h e  two models, as defined by the  
appearance of the  bubble t h a t  caused sharp decreases i n  t h e  forces  and 
moments, are presented i n  f igu re  17 f o r  depths of submersion of 0.5 and 
1.0 inches. The ven t i l a t ion  boundaries are at higher speeds f o r  a given 
angle of a t t ack  f o r  the  hydro-ski model than f o r  t h e  f l a t - p l a t e  model. 

1 

CONCLUSIONS - 

The r e s u l t s  of t he  inves t iga t ion  indicated t h e  following: 

1. The hydro-ski model had a lower angle of zero l i f t ,  l i f t - cu rve  
slope,  l i f t  coef f ic ien t  a t  the  high angles of a t tack ,  and l i f t - d r a g  
r a t i o  than the  f l a t - p l a t e  model reported i n  NACA Technical Note 3908. 

2. A t  high angles of a t t ack  and high speeds, cav i t a t ion  became 
A t  shallow severe and caused a la rge  decrease i n  l i f t  coe f f i c i en t .  

depths of submersion .an unstable  flow condition developed during t h i s  
cav i ta t ion  because of in te rmi t ten t  v e n t i l a t i o n  of t h e  cavi ty .  

3. Two types of ven t i l a t ion ,  t h e  p a r t i a l  bubble and t h e  f u l l  bubble, 
w e r e  encountered at  the  shallow depths of submersion and high speeds. 
Both types of bubble caused a sharp decrease i n  t h e  l i f t ,  drag, and 
p i tch ing  moment for t he  hydro-ski model while only t h e  f u l l  bubble caused 
a sharp decrease i n  t h e  forces  and moments f o r  t h e  f l a t - p l a t e  model. 
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4. The cav i t a t ion  and ven t i l a t ion  boundaries moved t o  higher speeds 
f o r  a given angle of a t t ack  f o r  t he  hydro-ski model than f o r  t h e  f la t -  
p l a t e  model. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va . ,  June 30, 1959. 
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( e )  Depth of submersion, 3.0 inches. 

Figure 3.- Continued. 
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Figure 12 . -  Effect  of ven t i l a t ion  ( f u l l  bubble) on the  force  and moment 
charac te r i s t ics  a t  an angle of a t t ack  of 14O and a depth of  submer- 
s i o n  of 1 . 0  inch. 
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